Using a sensitive and specific radioimmunoassay for endothelin, we examined immunoreactive endothelin in human kidney tissue obtained from three necropsy and three nephrectomy cases. Immunoreactive endothelin was present in high concentrations in human kidney inner medulla (necropsy cases: 1.08 ? 0.47 pg/mg wet weight:mean ? SE)(nephrectomy cases: 2.77 2 0.46). Characterization by reverse phase high performance liquid chromatography indicated that the only immunoreactive endothelin in human kidney inner medulla is endothelin-1, although immunoreactive endothelin in rat and pig kidney inner medulla comprises both isopeptides endothelin-1 and -3, suggesting that the genetic expression of endothelin differs according to species.
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Additional key phrases: radioimmunoassay; reverse phase HPLC; isopeptides Endothelin (ET) is a potent vasoconstrictor peptide that has been identified in the culture supernatant of pig aortic endothelial ce1ls.l ET consists of 21 amino acid residues with two intrachain disulphide bonds. Sequence analysis of cloned human ET cDNA showed that the amino acid sequence of human ET is identical to that of porcine ET.' Subsequent study has revealed three distinct human endothelin-related genes3 and the predicted amino acid sequences of the ET isopeptides are:
ET-l (porcine/human ET):
CSCSSLMDKECVYFCHLDIIW ET-2 (putative human ET): CSCSSWLDKECVYFCHLDIIW ET-3 (putative rat/human ET): CTCFTYKDKECVYYCHLDIIW ETs constrict a variety of blood vessels in many species and may be important in controlling systemic blood pressure as well as local blood flow. Recently we have developed a specific and sensitive radioimmunoassay (RIA) and enzymeimmunoassay for ET,4 and determined the tissue distribution of the ETs in pig and rat tissue. Using this RIA, we reported that the concentration of immunoreactive ET (ir -ET) in kidney inner medulla is the highest of all tissues examined in the rat and the pig, and comprises isopeptides ET-1 and ET-3.5 MacCumber et al. reported that ET mRNA in the rat was present in lung, Correspondence: Dr Shuichiro Morita renal medulla vasa recta and iris.6 They also found that the ET mRNA in kidney inner medulla predominantly expressed ET-3 while that in the lung expressed both ET-1 and ET-3. Although human cDNA for ET-1 and ET-3 was isolated from endothelial and placental cDNA, the human tissue concentration and molecular form of ET has never been elucidated.
MATERIALS AND METHODS

Chemicals
ET-1, ET-2 and ET-3 and antiserum (Lot No. 884-381207) for porcine ET were purchased from Peptide Institute, Inc. (Osaka, Japan). Bovine serum albumin (BSA, Sigma) for RIA was pretreated with 5 mM N-ethylmaleimide for 24 h at room temperature and then recrystallized twice.
Radioimmunoassay for ET
The RIA for ET used in this study was performed as previously d e~c r i b e d .~
The incubation buffer for RIA was 0.05 M sodium phosphate buffer (pH 7.4) containing lalo BSA, 0-1% Triton X-100, 0 -0 8 M NaCI, 0.025M EDTA 2Na, 0 . 0 5 % NaN,, and Trasylol 500 KIU/mL. Siliconized glass tubes (10 x 75 mm) were used for the assay. All assay procedures were performed at 4 "C. The standard ET or unknown sample (100 pL) was incubated with anti-ET antiserum diluent (50 pL) at a final dilution of 1:lOOOO. After standing for 15 h, the tracer solution (18 OOO-20000cpm in 50pL), prepared as previously described: was added. After incubation for 24 h, anti-rabbit IgG goat serum diluent (50p.L) was added. After standing for 40 h, the tubes were centrifuged at 2OOOg for 30 min at 4 "C, and radioactivity in the precipitate was measured in an Aloka ARC-600 y counter.
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Preparation of tissue sample
To examine the distribution of ir-ET, kidney tissue was obtained from three cadaver cases'-3 and three nephrectomy case^.^-^ Cadaver kidneys were obtained within 10 h of death resulting from various diseases (Table 1 ). Kidneys were obtained from patients with renal cancer following nephrectomy and only tissue without cancer lesions was used in this study. Radical nephrectomy was accomplished without early ligation of the renal artery and renal vein. In all cases tissue was homogenized with a Polytron mixer for 60 s in 10 volumes of 1 M acetic acid and immediately boiled for 10min to inactivate protease. After chilling, the homogenate was centrifuged at 25000g for 30min and the supernatant was stored. About 1.Og wet weight equivalent of supernatant from each tissue was loaded onto a Sep-Pak C-18 cartridge (Waters) which was preequilibrated with 1 M acetic acid, and the absorbed materials were eluted with 3 mL of 60% acetonitrile (CH,CN) in 0.1 Vo trifluoroacetic acid (TFA). The eluate was evaporated in a vacuum to dryness. The residue was dissolved in RIA buffer, and the resulting clear solution was subjected to RIA. To characterize the ir-ET in the inner medulla and the cortex of human kidney, the fraction eluting at 60% CH,CN in 0.1% TFA was concentrated, and the solution was further separated by reverse phase high performance liquid chromatography (RP-HPLC) on a Cosmosil 300 ODS (4.6 x 300 mm, Nakarai Chemicals) column with a linear gradient elution of CH,CN (10-60%) in 0 -1% TFA solution. Each fraction was monitored with the RIA for ET. 
RESULTS
Concentration of ir-ET in human kidney tissue
Inhibition of '"I-ET binding to antiserum by serial dilution of sample from human kidney inner medulla (+o-).
The dilution curve is parallel to those of the standard ETs. Results are expressed as pg/mg wet tissue. T irne (rn in ) FIGURE 
. Reverse phase HPLC of ir-ET from human kidney. (a) Inner medulla; (b) cortex. Column; Cosmosil ODs-300 (4.6 x 250 mm. Nakarai Chemicals), Solvent system: (I) H,O: 90: CH,CN: 10: 10% TFA I (v/v); fII) H,O: 40: CH,CN: 60: 10% TFA I fv/v). Linear gradient elution from /I) to (If) for 120min. Flow rate: I mL/tube. Arrows indicate the elution position of fa) ET-3. (b) ET-I sulphoxide. fc) ET-I and fd) ET-2. ---CH,CN.
dilution of the RIA sample from human kidney inner medulla yielded competition curves that were parallel to the standard curves of ET-1 and ET-3. In addition, ET-3 as well as ET-1 and ET-2 were found to be completely extractable within experimental error and to be more than 90% recoverable when they were purified with Sep-Pak C18 cartridge. Table 2 summarizes the concentration of ir-ET in human kidney tissue. In the three cadaver cases, a high concentration of ir-ET was observed in the inner medulla (1.08 20.47 pg/mg wet weight:mean 2 SE), but the concentration of ir-ET in the cortex (0.11-tO.04) and outer medulla (0.14 2 0.03) were very low. In the three nephrectomy cases, we were able to obtain fresh human kidney without renal damage. A high concentration of ir-ET was observed in the inner medulla (2.77 0.46). The concentration of ir-ET in the outer medulla (0-8320.35) was low, but higher than that in the kidney cortex (0.17 k 0.07).
Characterization of ir-ET in human kidney
To characterize ir-ET in human kidney inner medulla and cortex, every sample was applied to RP-HPLC on a Cosmosil ODS 300 column (4.6 x 300 mm), and was eluted by a linear gradient of CH,CN (10-60%) in 0.1% TFA. Figure 2(a) shows the typical elution of ir-ET from the inner medulla of the kidney. The major ir-ET eluted at the same position as authentic ET-1 and the minor ir-ET eluted at the same position as Metsulphoxide ET-1. Very little ir-ET eluted at the same position as authentic ET-3 and ET-2. Figure  2(b) shows the typical elution of ir-ET from the kidney cortex. The major ir-ET eluted at the same position as authentic ET-1 and the minor ir-ET eluted at the same position as Met-sulphoxide ET-1.
DISCUSSION
An earlier study in our laboratory revealed that rat and porcine kidney inner medulla and lung are abundant in ir-ET. 4 The present study clearly demonstrated the presence of ir-ET in human kidney tissue. With a high concentration in the kidney inner medulla, these data are similar to results for pig and rat It seems reasonable to conclude that ET mRNA is localized in the rat renal medulla.6 Although pharmacological doses of ET constrict the renal artery and decrease urine formation, the physiological significance of ET in the control of renal function remains obscure. Furthermore, it has been reported that ET decreases Na-K ATPase activity.' The present data indicate that ET may be produced by and act on the inner medulla of the kidney. A considerable concentration of ir-ET was observed in the outer medulla from nephrectomy cases, but the concentration from cadaver cases was very low. The reason for the decreased ir-ET in outer medulla of the kidney from cadaver cases remains obscure, but one possibility is that it may be destroyed by renal damage or autolysis after death. Although the number of cases is not sufficient to explain the correlation between renal function and ET concentration in kidney, the concentration of ir-ET in the kidney inner medulla was rather low in cases in which serum creatinine was comparatively high. Therefore, the concentration of ET in the kidney may be changed by renal function or renal damage.
Masaki's group has identified three distinct subtypes of gene of the ET family in the human genome.2 The isopeptide ETs deduced from the cloned genes were named ET-1, ET-2 and ET-3, respectively. Although it has been reported that ET-1 and ET-3 mRNAs are detected in human endothelium, hypothalamus and placenta,2.8 the molecular form in human tissue has never been elucidated. An earlier study from our laboratory clarified that ir-ET in rat and pig kidney inner medulla comprises both ET-I and ET-3.4*5 The present study clearly showed that the ir-ET in human kidney inner medulla and cortex is ET-1 with insignificant amounts of ET-2 and ET-3. Very recently, Fujino's group demonstrated that ET-2 is secreted from several kidney cell lines.g They have also isolated ET-2 cDNA from a canine kidney cDNA library.I0 However, according to the present RP-HPLC analysis, combined with a sensitive RIA which recognized ET-2 with 100% crossreactivity, the major ir-ET in human kidney cortex is ET-1 and the concentration of ET-2 is very low. The physiological relationship between ET-1, ET-2 and ET-3 remains obscure, but the expression of each ET from DNA may be different according to species as well as to organ or tissue.
In conclusion, the present study showed that the ir-ET in the inner medulla of human kidney is as abundant as that of rat and pig kidney, but that the only molecular form of ir-ET found in human kidney is ET-1.
